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mUmit^ma, Al, Mg, Si, Hf, Li, Ca, :S.tfT i 7i»-^:^^^ 
{mm. 7 ] it*:iS 1 -if 3 <7)v^-rtL^^tcfE«c(^?^m^j5LT-vs-^ ;^ 

[if 1 0 ] if 1 -if 3 'r)\^'fMHz%zm.(om.%m}lT^M 7. 

[iS^]^ 1 1 ] if 1 tcfE^<7)^g|^^^;LT-vs-xf 7.\z^\j^x, 
mriE h >^w^^felte^i^$•rt;H^^fE@^?M^4S^3«^fi^^c®l^$tL-i>^ i # 
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im^m 1 2 ] If 1 1 tcffimoM^Jm-r^vsvc tcisv^T, 
Hufe^m'ftt//ltHufE^2m'fktJ^t{i, Al, Mg, Si, Hf, Li, 

tifz 
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1- it 

im^m 1 6 1 tmm 1 5 i<zmm.<7)m.%m.ijcr^<4 x nisv^r, 

[lt>ft:S 1 9 ] if 1 t;fe*^<7)?||^jmT-Vsvr tciSV^T, 
mifSSS?Mt4/i{i, N i ^#<;^, 

mmtimm \t , mm § m^m^m t mum 2mi^t(D m i^zM^^fi^m2m 
Xo 

im^m 2 0 1 If 1 9 Kum<7)mM.m.^7-y^4 7. i,zis\^^x, 
mm^mmmma, n i ^#tfN i ^mmi^mi^^, 

[mmm 2 1 ] Bt^]g 1 9 iztm<Dm%mxr^^^ 7. tcisv^r , 
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x^'^m2m^m\^mt, 

fES2^'^a!tt^tc^ttL^^M?M14#t{i. C o ^±m5^tir^^m^m.^ 



ffigE#2 003-3089501 



#11 2002-319928 



^-v: 6/ 



taiE# 2003-3089501 



#M 2002-319928 



mtmi^ t mt^m^i&m.m^ torn ^m^f h ^, mw^%mm^ ^mwL-t ^ 
t (D m(D:mmm im±ir^mt^i^ir^ rais? its 

[0 0 0 1] 

^) i:7rsi-m%vy^^)vm^ (MTj) i^ts^m%mm,ry^4 ^^iizmt^o 

[0 0 0 2] 

mm L-c, m^h y^^)^^^i^tsm%mjLry'i4 a, :^^wM'i\>zr- ^ 
m-^M^'7yrA7^-t::^^^^) (MRAM) , Rv^^^- vr-'-c^ ^ m<Dm^ 
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[0 0 0 31 
[0 0 0 4] 

, m^^m.nM'^^^m.it^^mKm^'r^o mm.'&m^t, -m^, i rMn 

[0 0 0 5] 

^^BTH^tc-r^o K5Mtt®(i, -mz, Co, C o F e^(7)C o ^-^tfS^ 
^^tt^Tf^^^tL, V7 h5M1±a{±. N i F e^<DN i ^^trS^MI* 

[0 0 0 6] 

■ti: ^ o 1 f ± , / ^ - F sitts t y 7 h mmm t (d m , ^ m 
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m^Lx\^^^o !^mxm4ii, ^m^m\mt, ^m^m^m(D^^un.^\^±-t 
ML-cv^^o !Wv^xm4a, mit!^, mm, mm, ^^^\mi, yy^m^^t^ 

[0 0 0 71 

v;^^) Km^m^z^^-^-t;h£^m^^^^o ^(Dfzisb, m.%m%m=^\i, \^com=f' 
\izn%m\zw^^f\^fzmw m^^^, ^rwmm \zmw:^^^o ^coj:^'^ 
mmt, -mz, m<D^mi^%mm^tmm\<zA\, cu, w, ^xfTi-i^xf^ 
m.^Kz>o Ta, Ru, zr, :^xfuomi)m%m}Lm^t\^(Dm^t^m.%m 

[0 0 0 8] 

^m^k±, m.%mimi-tm(Dmi't^n.%m\>z^m:-f^m^t, mM%w^ 

)\^^^<DMRit^^^it-r^o mz, mmm^A i ^^t^m^Kit, a i itit^m 

±xh;t>o tfz, mmi^-^mf^-t^m^, mi^zAi^^^Km&nm^yy hmm^ 

mm^^<7)W:n(Dmmiim±x$)^o Mtc, mm.i&um'f-^mm-r^um^, m 

mmxm'ftm(Dm^t im^tt^^zm^i-^mmzmn-r^t, mm^Wfomji^' 

it^^^o mi^z, K^m^mz^tfi^Mn, Rvyyv^m^m^z^tti^N 

iii, itm^i<zj^\^^umKJ;i'oXW:Wii-r^fz»b, Unj^x/N i<r>iji:m.izx^mm 
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[0 0 0 91 
[0 0 1 01 

m^icm 1 1 

mm 2000-20922 ^<km. 

2002-158381 ^<2r^ 
[#lt«3l 

#r?S 2 0 0 1 - 2 3 7 4 7 1 -f-^&IR 

l#W^:^m4l 

#r?^¥ 1 0- 6 5 2 3 2 -^^^ 
[0011] 
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[0012] 

i^j^TK, [^m<Dmm(7yjfm] x-mm^i^t;^^^ -n-^trm^^-x, mm^m-^ 

[0 0 13] 

^^0^ f-v ^ ^ , s$s pj s i ^ ^-r ^ i a ?M 

14® (10) t, m^^n.fzmM^^m^timi-^mmm&nm (s) <h, 

(1 0 ) t ( 8 ) <7) FbI ^MS $ tL/c h > T-^ ( 9 

) ^^ism^mijim^ (4) i:, ^^jm^T- (4) ^i\^(Dm^Kmm.mizmm. 
i-^#sn4(7)3g# (2, 3, 11, 22) t, mi^- (2, 3, 11, 22) tm 
^min.m'^ (4) ^loreitcfgtt'bn/im'fbtf)! (13, i4, 21) t^m^x 
v^^o ?^^^£tiL^^ (4) ^m<Dmi'\zm%mzmm-^tm\^<DM^w (2, 3 
, 11, 2 2) t^t, ^mmiiz^t, \£r, wmmx^^o 

[0 0 14] 

mitmm ( 1 3 , 1 4 , 2 1 ) ti, ( 2 , 3 , 1 1 , 2 2 ) ^w^i-^t^- 

¥c<7y(}^-^£<ti>-mtim%m)Lm'i' (4) t::4fetS:t-'^-^^l5^lh-t-'2>atg^W1- 

^ j: ^ tcf^/s^ti^o Mt;, mimm (13. 14. 21) ti, m.^mumi- ( 
4) ^i»^i-^t«(7)^-^< <^^-®;^l^^^gl^fm^T- (4) K^Wi-f^^t^m 
±.t^m.-m^^t^^o\mm^n^o mirnxfrn^Khmimm (13, 1 

4, 21) {±, #:i,tc|g^^i:ff^^DTtg-ea^i9t£t^|5^lh?*m;^^^;'c§v^o 
[0 0 15] 

^<bi^® ( 1 3 , 1 4 , 2 1 ) (i, ( 2 , 3 , 1 1 . 2 2 ) ii-hm.'mm. 

mi- (4) -\<7)$£|ti:, m.%mnsmi' (4) ;5^'^>##: (2, 3, 11, 2 2) 

(Dmkt(Dnii^mit-thm.mim^h^t{tmMx^^o mi¥ {2, 3, 11 
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, 2 2) ;6-^Mm^l5L*T- (4) ^<DW:mtm^mijim'^ (4) ;^-<b##: (2. 

3, 11, 2 2) ^<DW:nt<Do-^(D-'^(D^^ii, m^<Dm^<Dmmt^j::ho 
i^^oT, mit^m (13, 14, 2 1) ;^>^ ^ftib<D2'^(D^}i:mm(7:>my3^m 
±irh:itii, mmmjimi^ (4) <7)#i4<7)(p]±<7)ii,^.;6-ibMi6-c$?ii-e^^o 

[0 0 16] 

mit^^m (13, 14. 2 1) (i, 'e<0±®:?^0^TMt:^^1-^il^«^1-'l>7C 
[0 0 171 

C<7)J;9 >^itit(i, S'ft^ (2, 3, 11, 2 2) 1, Cu, Ta, Ru, 

Zr, Ti, Mo, iacm/^-fb^^l¥>6^'bjl^$tl/j^^=^ < i: i^(7)7c^^^tf 

[0 0 181 

mitmm (13, 14, 21) (i, ai, Mg, si, Hf, Li, ca, 

[0 0 191 

^<Dm^, m^itmm (13, 14, 21) (Drnwiti nmiir-^-h^^trnt 
ii-e^)^o 1 nmi^iT<Dm^<Dm'{t^m (13, 14, 21) h>^-jpm 
mmtti'^i-i, mitmm (13, 14, 21) <Dm^i:mn^^KM^'c^^m 
<i-^^i:75^^-e#^o mitmm (13, 14, 21) (7)jm:^^>h^v^^ 

[0020] 

(9) tmimm (13, i4, 21) ^(i, m-mmx-'^i^ 
m.^fi^:itmTMx^h<, ^iOct 9 '^mjgfi, h>^>;uwe (9) hmitm 

® (1 3, 14, 2 1) (DMmz£^m^^=j^h^m)]i<znmi-^o ^<^m^, m 
itmm (13, 14, 21) (±, h>^-^)i^mm (9) i ^^fv>^^75^^$?ig-e 

[0 0 2 11 
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^^btf® (13, 14, 2 1) <7)m^iim<Dmxii, hv^wu^ft^ (9) (Dm 

[0 0 2 2] 

ig^ (2, 3, 11, 2 2) h^^Wl^^lt^ (9) ^^t^-fi^m^mmi^ 

m (8) icm^e^ti^M^n^^ i^#: (2, 11) t, hy^^ji^mm (9) 

^^^$•r^;ss?^ilt4/i (10) Km%^^^zmm^n^m2mii^ (3, 22) <!; 

?r-^ti>t#^, mit^m (13, 1 4 , 2 1 ) (±, 0 1 ( 2 , 11),!: H^?^ 

m^m (8) t<7)FBitc^M^$tL^^i^<tt?® (13) i:, m2mi^ (s, 2,2 
) (10) t<7ymKM^^ti^m2m'\\:mm (14, 21) 

(2, 1 1) t(Dm<7)i[§mm, Rzf^m^m^m do) tmzmi^ (2, 2 

[0 0 2 3] 

^(om^, m 1 @Mbtj/i (13) t^2 miti^m (14, 21) ta, a 1 , 

Mg, Si, Hf, Li. Ca, RVT i J&^^^^S^/O-ibS^^ tLTt:^^^ < t i> 
[0 0 2 4] 

^mM.%mXr/'^4 ;^ (i, M n ^^tflS ( 7 ) ^^tsm^t^h P t M n , 
I rMnOid ^^SMtt-^-eff^^^^^l^/ciSti, *M«J^, M n ^-^tf® (7) 
T'3b^o «1<7)J^^, ^<b2^« (13) (±, Mn^^tfW (7) (2, 11 

i (10) i^tsm^i>^hho N i F e<7)J:9^^SI^6t)^;v•7 

14#-eff^^^tL/i®(i, *M6tJ^, N i ^-^tr® (7) •e^)^o -(T^J^-^, 
mm (14, 2 1) {i, N i ^^t^m (l O) <h##: (3, 2 2) b(Dm^^M^ 
^f\-X\^^h:itijm'MXhho 
[0 0 2 5] 

(2, 3, 11, 2 2) 7&5. Yy^^)V^mm (9) ^^r$-f(;@^5«tt 

« (8) K'm%m\zmm^i^t^m\miif (2, 1 d mimm (1 3, 
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14, 2 1) mitm-^-fm^fi, jao, a^sM^e (s) tmimi^- (2 
,11) ^:<7)rHit;^M^^tL^^im'ft:t?e (13) m^m.mm'?- (4) 

fi, m^mmi.m (s) ti^^^n, Mn^^t^^Mtts (7) ^-^k 
^t^m^^, Kmmm (7) m^mm^m (s) tmim^it'^m (is) t 
(Dm{zitLm-r^^tmmx-$>^o ^-^^^mm^i, (7) ;e)^ib^i* 

^ (2, 11) ^<DMn(Dt}tW(.1:mm^^±r-^^o 
[0 0 2 6] 

@^5«t4ii (8) (i, h^^wi^^itii (9) (8 
b) ^, ^^m^m (8 b) (7) t<Dm^zt^x^ti^m^miim ( 

8a) t^-^^, m^mnm (8 a) (i, St^b^ tLrv^)&v^^M5M14#:^±^ 

W-r^1i^M14/i (8 a) (±, (7) 7f)-h^Mm^m (8 b) ii^m^ 

llf^ffl^feiil-^-:^^-, K^^miim (7) :}x^Mno h ( 

9) ^(Diji:mm)j^^m±ir^o zmzx^, m^mi^m (8a) <h?^iitt/i ( 
8 b) t^m^^m^m is) tLxmi^^-^^tti^^z, urKomnizx^m. 
^hy^-^)i^m^<D^^t^wmi-^^t:^^x^^o ^miim (sb) t, m^m^ 
m (8 a) K^tft^^m^m^mi, co^^j^zid^t'r^^m^mM^^:^-^ 

f^m^i^X^^^Zt:fy^mtL^^o C oi±^h:y^mm:^'^M< , m^b^tttc<<, 
[0 0 2 7] 

^mmmm (10) {i, h >^-^;i^ifeit/i (9) i<zu^i<zm^i-^mmm ( 

1 0 a) ^, ^^mi^m (1 0 a) tc^^^tt, ^^b^tL-r^/^>^v^#JS?^a 

<Djtm<Dmim^mm^t Lxm,^^ihXMi^^fix\^^hm-^m\^m (1 0 b) 

■h^-^tfi Lv^o ^^^^^«it^W-r-5>^^"?llt4/l (1 Ob) (±, ^Sh^bI^ 

^etjtcy 7 h>^gft5«ttii (10) ^im-r^^t^-^mK-tho 

[0 0 2 8] 
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eS5M14^ (10) 75^ N i ^#«;^, (2. 3, 11, 2 2) h> 

(9) ^^f^^-r^^efi?Mtt^l (10) t::m^fi^t^^^^^^^2# 

# (3, 2 2) i^t^m^, mit<^m as, 14, 2 d a, nm'^-r:^^^^ 
ii, R^, (10) tm2mw (3, 2 2) t(DWiK^n^^i\^^% 

2mim}m (14, 21) ^^t^^tmi-mx-^^o :L<D]^^f£mm±, m2m 
#: (3, 2 2) ^mj^'T^^moym.^mjLmi' (4) ^(ow^^m!t'r^tti> 
^mmmm (10) {z-^^tL^^ io%2mw (3, 22) ^ojm^P:?^ 

[0 0 2 9] 

c:<7)J#^, tufem 2 miC!^)! (14) (i, (10) ^«i?5cL, N 

i ^-g-tf N i -g-w^iMtin (10, 1 0 c ) {zmM^z-m-r^ ^trntM-c^^o 
-<7)«it{i, N (10, 10 c) (D'M-r^^mitx^, m.%m% 

(4) <7)#tt^ip]±-t^o 

[0 0 3 0] 

(10) (±, N i ^-^t-f', -i.':^. h>^-^;i/#felM (9) trfi^ 
ic^^t-'^^lg^l*^ (10 a) <!:, ^l^mnmiiZ^^^n, J.o, ^>fl:$ 

^mi^m (1 0 b) i:, ^i-a-Sii^ii (i o b) ^zm^^ti, n i ^-^.j^a, r^, 
m^m^m (lob) ;?^?7iii5«tt^ do a) x^) i,m^mi<zvy hx-$>^ 
m2^m^m (loc) ^^-^tfi-h^^^Mr-^^o ti-^iitt^ dob) a, 
m2^^mi±m (loc) h >^wuifeit^ (9) ^(DN ■KDiim^m^-t^- 
yj, m2 Mttii (10c) ^ ^ 1 ^mi^m ( 1 0 a ) ^<7)3cmffi5:<^ffi 
^^^1--l)o ^tiKX'o, m%mi<zyyvx^y), r^, \<DYy^^)v^m.m (9 

Oa) tm^WAm dOb) tc^ttL^^m^^^StSfriiti, Co^±^53^i:1- 

<. ^<b^tLic<<, 5.0, iL6^tc^^T'^tS:Ltc< v^o 
[0 0 3 1] 
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^m^mitm (10) {±, (9) t^it^tc^^-r^m 13^1^14 

m (lod) t, mi^m^±m (lod) tc^-g-^tt, e-o. ^'fb^nrv^=&v> 

m'^$tLrffM$^-cv^^^2it^?^tt^ (lOg) t, mim^m^m do 

e) tm2m^m^m dOg) <J:<7)r^t;^|^$;tL, ^Il*^?gl14^ (lOe) 

tm2m^mi±m dog) i:^MMtt6^tc|g^i-^Mt4s dof) 
^tsztmmx-i>^o ^m^m d o f ) ti, %2W^m.nm d o g) 

^'fb^. ^llt^igltt® dOe) -ELlf^l^kmnm dOd) <7)e^Mi: 
^RTOtcf^-^, ^tLtcJ:i9, ^\M^m.^m (10) ^-etcil^atjizy^ 

-r^o /^^^^^i#jt(±, m ^\^m^-r\iz^^mmm do) ^M^6^i3V7h 

[0 0 3 2] 

(10) (i, Mtc, m2m^&WMm d o g) t^s^-^ti, n i ^^c^^, 
n 1 m^^mitm d o e ) , ^2 m^m^m d 0 g) 2s. 0=^^ 1 ( 1 0 
d) i>m^mii^vy hx-^^m2^kmnm doh) ^^ij^t-/)mMx$) 

m2mm±m d 0 h) ^^^^-^t^N i (i, gs^^sit^/s do) ^—m^m^ 

atJl- V7 h tci-^o N i 7&^^h >;t>;^#felt/i (9) t;i£tici-^ t Pp^H{i, ^i 
It-^Mtt^ (1 0 e) , :S:y*'^2lt'^^^ttil (1 0 g) i^'N i ^ffc^lJ^lhl"^ 

i6[iiiinTHg-c*>i»o N i do) lizm^mi^zm^^ti^m 

2S#: (3, 2 2) ^ziftm-^t^^omma, ^mmmm do) <h^22»#: 
(3, 2 2) tcom^z, m'it'^xMm^tifzm2mitmm (14) 7i>^^istt'btt^ 
^ti<zx^mMm^x$>^o mi^m^m dod) tuia^ 1 ^-^mi*^ ( 
lOe) i<z^tti^^m^Mm^i^t, mtim2m^mnm dog) iz^tti^ 

[0 0 3 3] 
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(1 0) ^mim^m^m (i o e) t$mmm (i o f ) tm 
2m^mmm dog) t^^ij^m^, ^m^m^m do) a, iitc, ^i^ 

-^JStt/i (1 0 e) t^mA^m (1 0 f ) -hcoF^tCiTMS^tLf-^SMtt/S (1 

0 i) ^, m2m^f&'tim (i og) <hMtt® (i o f) t<Dmi,z^m^tifz 
m4^m^m (loi) ^^-^.^s^. ^ssm^^ (loi) tm^^mmm (i 

01) c o^^js^^t-r^^m^Mmamr^f^m^it^^t^mmx-^^o 

[0 0 3 4] 

^^^simtmT-v^'^;^^^ Mt^, pfiagfis^i^te^ (10) iz/-<y(T:^mm^ 
m[\-r^m%^ur:^mj' (20) m^^^^r^m^ (20) 
^T>^ffl?«tt^ (17) t, m^^^4T^m^m^m (17) i^^^^tt, m 
n^^t^mM^u T^mRmm±m (is) i:^^tfj#^, sMbi^ii (13, 1 
4, 2 1) {i, m^yur^m^ (2 0) tgfi^Mtt^ (1 0) t(Dmiz^^ 
^fL^mim^it'^m (1 4) t, m%^uT::^m^ (2 0) tm2mi^(3, 2 

2) t<Dm\zM^^fifzm2mimm (21) t^^ts^hmtrnxi^^o 

[0 0 3 5] 

^z, Tmm2 t±um^3 t:^mj&^n.x\^^^o Tum^$.2 t±mi^3 nt 

, A I 9 0 C u 1 0 Xf^m^i^X\^^^o 
[0 0 3 6] 

Tunm2 t±miB3 t<Dm^zii, MRAM<D^^^)^)vt Lxm^i-^m. 

[0 0 3 7] 

eXfm^ti^o CoFe^^fi. ^g|^6^^cJticfit)^^- K'fc (EP*>, 
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[0 0 3 8] 

, ^i^ig|^k<7)ffi]i;6^ m'mMWm^(r>^^Tmchm'x (parallel) , 

TO (antiparallel) Ov^-f tt^O^^fS] < J: 9 t^ffM^ tLTv^^o gS?^Mt4iil 

0 (7) ^^mut-Ku^^-^^ n , i8i^mi5L^^ 4 (i, 1 If y h <7)T-'- ^ ^ e S?^ 

[0 0 3 9] 

N i F -fete, N i ^#tf5^^14ff{±. it^mmM.mizyy h 

ttSlOti, h V^wl^lfe^e 9 cD_hH?FM$n^ C o F eg<t, |gCoFe^<7) 
±t^S^^tt^N i F emt-Cm^^fi^^t:^^$)^o ^ \^ > C o 

F e^tiJ: i^m^h >^;v^^(7)MRJt>6^'|S]±$tL^— N i F e^fi, Co 
F em^^%^iiZyy h^tL, ^mtlii&T^^^o C o F <!: N i F e ii .h 

[0 0 4 0] 

^ti^o hy^-^}\^mmm9li, ^SiWtCfi, AIOx, AlNx, MgOx'^'ff^ 
miZiil. 2 ~2 nmT-*);i)o h > ^WV?g|^^i5L^:^ ( T M R ?*:^) iZX^, h 

9<Dm^ ii\oi<Dmxm =t o r^^^im^^- 4 tcfS'it $ ttx v> ;i, t-- ^ ofijsu ^^^^ 

[0 0 4 1 ] 

miiE#2 003-3089501 



2002-319928 



^-v: 19/ 



(i, IIMa^tcfi. NiFe, C o F e -eff^^^ tt^o 
[0 0 4 2] 

[0 0 4 3] 

?^^^g*n:^^4 i:Tg|5geia2 i:<7)FHltc(i, if T 1 1 , TSI5n > ^5^ ^ l 2 , 

Rximtmm 1 3 75^i5:tt^tL^o H'Ti 1 , Tfi5=r>^^ hii 1 2, :BLXfmit'^ 
m 1 3 ^^LT, m%mxm^^<^m^^kmm s (±. T^seiS2 tcm^etjtc^ 

[0 0 4 4] 

T^n^iJ'i^ Vm 1 2(±, kfr 1 1 cOJitrf^tt^tLTv^^o T^rr>^^ hif 
12(i, IfT 1 1 t;Mi-^mt>^#»Sh LT^t^L, K^, ^<7)±,U(Omim 

mi 3 omK^f^±^-*^o Mt;Tgi5rr>^^ 1 2 (i. If T 1 1 tMimm 

TiN, Ta, Ru, W. Zr, :5.?^^M o trBfig^^x-So 
[0 0 4 5] 

mitmm 1 3 {i, TMS£l^2 , H T 1 1 ;S.^/Tf|53 y ^ 1 2 t , m^M 

^/^';r7">, ^XflZ, T^^^^iJ' hii 1 2 ^IM1-^T i N, Ta, Ru, 

w, Zr, RxfMoi)K mmm.mi' A K^jtwr ^ ^ tim)}KVjit-r ho 
, ^^i^tfS 1 3 \i, yrme ^mmi-^ n i . RVK^mi^m i ^m^-t^ 
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[0 0 4 6] 

m.imm 1 3 i)^, y^w,U2, 1 1 ;?^£fTg^=r > 1 2 ^^^^js 

[0 0 4 7] 

13 a, A1, Mg, si, Hf, LI, Ca, i (Dmit^X 
[0 0 4 8] 

# M n o ^ |5j ih-r -i) Tt i6 , m^k -es^ $i M ^ i- ^ - ^ , 

mit^m 1 3i^zm^^^^^tizx^, Mn(Drmm2^<Dt}i:mmMmi<zm 

[0 0 4 9] 

:^^±^\^^m^(7)m'{t'^'^m^^^^tm'i-mx$>^o -e^ -e^^v^+mco^^btf^^ 
imm 1 3 izmm-r^ ^ t (±, m^t^m 1 3 (DTmRx/±^Km-r^mKmmi}' 
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m^m^^^mJ^^-^)^^-:^m^'Al , Mg, Si, Hf, Li, Ca, SiO^'T 
[0 0 5 0] 

[0 0 5 1 ] 
[0 0 5 2] 

^nte 9 tmitm i 3 <h =S-*jio^s;5.Wff-eff^^-el^, MR AM<7)$^jtt3 

S 1 3 <^^>^/^°•;' iJ'tcioTff^^l-^J^'^, h >^wi^^^S9 tmit^m 1 3 i: 

^m-'(Dunx-f^ftzir^ ^tizx^, h >^)i^mmm 9 tm^kt^® 1 3 1 ^1^- 

[0 0 5 3] 

h > ^ 9 1 mit^m 1 3 1 ^m-<7)U^xfm ^ ti^m^, v > 
)i^^mm 9 o*£*n:<7);j^ai it s n jt ^ fp]±-r ^ t t&^x- § ^ o 

[0 0 5 4] 
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5 t:fymifhfir\^^^o mit^m 1 4 it, mMi&ijim'¥'4<D^m^m.iim 1 o<d 

±i<zfm^tix\y^^o ±M^y^ "7 \-m 1 5 \t, mit^Wt 1 4 (D±izMf^^n, 
±mm 3tm^^tii>o m^mm^ 4<d^ smi*^ ion, mitmm 1 4 

[0 0 5 5] 

$f5^«^W^)!l*^1^0o ±g|5rr>i5^^ h« 1 5(i, AMfitJt::(i. T i N, Ta, 
Ru, W, Zr, :S.CFMo-e?f^^$tL-2,o 
[0 0 5 63 

Mitrnm 1 4 {±, ±gi5@em3 tM^JStA#^-4 t<Dm<Dm:s.^WL^nm'i^^m 

^tS*n:^T4-^co$£t^^|5JlliL, ^mm^mi Otc^itL^N i (7)±*(5SSia 3 
'^(T^J^fj^lJ^ilii-^, N i (7)±fj5K#7t3--<7)*£t5:^M-r^>r i9, ±.mi 

3 tnm(^m^\'^^ , mitmx'^^f&^ttfzmimm 1 4{±, n i <DmWii^^j] 

[0 0 5 73 

m<btf^ 1 3 1 mm^^, mmm 1 4 ;6^'±gi5ge^ 3 "b s 1 0 --^<d 

ra^gfiMtt® 1 0;6^'b±g|5K#;a3--<7)i£t^oM:^^P:^ih1-^^ttg^W1-^ 

^ti±, mmmxmi^4<D!i^^(7)m±<Dm.^.^^^Uit>xumx$)^o 

[0 0 5 83 

m.'itmm 1 4 tc^i^^tL^tfttfi, m^it^m 1 3 <j: m-e^) , m^mm 1 3 
t^^ifii^t-tfw^/mita, ^-fbtf® 1 4 i^zi^trnx^^o m 1 tc, m^fctjis 1 4 

mi^t^fzi!6l,Zii, mit^m 1 4l±, A1, Mg, si, Hf, LI, Ca, R 
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;i/|feli^9OfS^<7);|tm<7)SNit^[fi]±1-'l>.'?,5&^'b0MT^>l)o Mt^, 

mmm 9 ^ 1 4 <!: ^ m-(Dmx-f^mir ^:itii, h > ^-^ 9 t 

[0 0 5 9] 

gS^^-tt^ 1 OtJ^^N i ^-^tf^Mtt^:^ N i F e®) TffM 

r^^^^f^^^^it^o ^-fkt?^ 1 4 7!>^^N i ^^ism^m^i^m<7)±izumi<zm 
t^^^m^mommzx^^^-'oxiBy), n i ^:^is^m\±m<7)±umi>zm^t'^ 

[0 0 6 03 

4 t(DmKm'itmm 1 3:^mnhti, Tum^2 tm^mum'if-4 t(Dm<7)mK 
^mmw:m^zm±^tix^-^o Mt;, ±.mmm3 tmM.mfhmi^4 t<Dmi^zm 
itmm 1 4i)m^'^hfi, ±mm3 tm%mm=^4 t(Dm<Di(^:sM%Lmmm 

[0 0 6 1] 
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10 0 6 2] 

nKiLWi,<7)m±(Dm.^.^'i^ii, E12 tc^^tLTv^^ i 9 tc, mit^m 1 3 <7)ft 
"^mx^^o yu-=^y^^ 1 2' :^xf±M^y'5' ^ 1 5' ti, mm^K 

(i, T i N, Ta, R u , W, Zr, :5.?7M o -CBbK^ tt^o TSRn >^ hjl 

12' > ^ Ml 1 5 ' <7)j?$7!»?5e^SCJ¥v^^ J; (9 , Tg|5S£#t2 

;s.o'^±^@Bia3 =^«^i-^ A 1 , cxxi^m^mmi-A [z^jlWll, mMmKmi- 
^ N i 7&^^Tg|5gei^ 2 :?^u^^±gi5@ei^ 3 K^Wi-t^ ^t^ P^ihpit^-e^ 

[0 0 6 3] 

L/i-L, mi tC^^tLTv^^ J; ^ tl, m<l:tJ« 1 3 1 4 ^OM:^75^ 

itmmi 'i'R'cmitmmi 4{i, mi^xm^mmz-rh:iti)^-^^'Q^z>o mt 
tt^i oii^iSLTeesi-^^r <h^prHitc-r'i>o t^s£^2 t±.mim3 t-b^^ 

[0 0 6 4] 

EH, liI20llv^T^n>^^' 1 2' Tg|5iE^2, 
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m<DmKiJi:Winm±r-^fj:\y^o ::.<Dfztb, mit^mi ^(omm^i, lpv>Tg|53> 

^^Ym\2' <7)^s5fflj: 19 mit^omi ^(ommit, m^^±M^y 

[0 0 6 5] 

ymm2^, i i otc^iaLTsee-r^/ciexcti, [ii4t3^ 

$ttrv^.5ct d t', mt^m 1 3 <h V- K« 5 -7 T® 6 tS5MttB 7 <h 

7!)^ Tgl5@E|^2c7)±M^^Ke^t::^^t;MS1-a J: d t^i^^ ari/^^ i <5: 

^mm.'\Sim i 0(oei§?si<b^sis^-<±-;2>*i;^.^«»fL*it-tBEit<7)--gi5tci-^ 

[0 0 6 6] 

Kit, mm^kw&m 8 kt, ^%^m.^m 8 a t^mmmm s b (t-eff^^^tL-rv^ 

o ±m^^m\^m 8 b a, ^ ti ^^s^i^t)^^;^ < , m^i^z^^-ctftn t-r c o ^ 

5«14^#-effM$tL^ i t J: , ^Jl?^?^14^ 8 b (i, ^^fi^tc/N- Ktc^^ 
[0 0 6 7] 

^^nfzm.^i!fmmx'!{^m.^fix\^^:i>o ^(DXo^j:m.^mms z^t, ^jsatj^^ 
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^m^^ti, mt^tLXii, TaOx. HfOx. NbOx, ZrOx. Ce 
Ox, AlOx, MgOx, Si Ox^'^'T i Ox^'^M^^^'^o ^fi^mm 
ttTC^ti, ?^?«7C*Fe, Co, N i lcJ:b-<T^<l:«)i£ga-i-^wv^-;ei^lg: 
<, m^b^tL^-tv^o I^I-^mtigS atC'fgffl^^a^S^I^*^*^-^ LT{i, Co. 

[0 0 6 8] 

?Ktt^8 a:6^#mi4i:?mtt^^^^i-'S_h-em^-t?^^o It^^^tt® 8 a ^^'^ 
8 a :6^lM1*^;t1-'2> - <h H, SSMtM 7 O^^^fflSf^ffl ^^mS^ttif 8 b 

[0 0 6 9] 

f ^«147cm<7)i^^iti@t [c^dDT, Hie (a) , (b) (7)v^-rtt7)^<0^#Jg^ 

m<7)mj-^^^(7):ff^^i^^\^^m^, me (a) t;^i^tL-cv^>i>j:^ti, 

8 a(i, #«Mtt#:Ott;|;^miSB^H 3 1 ^, #S?Mt4#:^Mtt7C*Oitll:tJ 
t<7)rt'^t?(7)T^;^-7T;^+i3 2 <!:-e«^$tL^o ^-g-ail^liS a 7!)^^^<0 i 9 ^ 

LTC o F e5{)MM^tL^i:i^tl{i, ^I^Mtt® 8 a iz^tfi^m^it^ t LXT 
aOx, HfOx, NbOx, ZrOx, :5.CKC e 0 x '^'^'f^^ ^ tL^:^^tC|iI 6 
(a) tc:^$ttTV^>5, j: 9 ;^«dt^<h.i)o 
[0 0 7 0] 
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J!^:f.ij£g<7):^7&-vJ^$v^^#^, me (b) ic^^ttrv^^ i 9 tc, ^-^^g^i^asa 

(i, ^S?^?f«#<7)*iWI§H%3 3 I£WISh^h3 3 0*i#t;m'fb!^75^^^'fmL 

^LLxish-r, mvtM^m^mS 3(D-uii, m.mmmi-^m^^m^B3 3i^z:mmL 

m^u3 3 tc^^LTi/^^o ^ICOJ: 9 ^^tit-eti, |ii^^^*SH^H3 3 |Wl±{«^fi<jtc 

14^^1-0 ^^?^14e8 a LTC o F e-hH^m^f^^^ 

t^Klt, m.^m.nm^ ati, mit^t LXA lOx, MgOx, SiOx, R 
i O x^M^ffl^^-^^-^t^Eie (b) tc^^tL-Cv^^ J; 9 ^^tii^^'So 
[0 0 7 13 

116 (a) , (b) (o\^^'m<Dm^^t:hm^izi,, m^mims ai±, ^<d 

^^Iglt4)l8 at3Mn;6^^jmi-^i:, i£tS: LfcM n fi, LT^^fb^ 
i6, Wmi)Lm^'^^^o ^i\-^(r>\m\z^^, ^^?gH4e8a{i, 

[0 0 7 23 

?I^m4)S 8 a ii, ^#tI"X^^° -7 9 if 7. ^m^^tzWJl^'^^^^ y 
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[0 0 7 31 

m7it, ^m\ti^X-^^ CoF et ^m^jtmx$>^ Tat $ tt/c ( C 

iii8(i, mwm<^^mmt^^^-r^vyxi>^o ^fih<D^r^y(7)m^Kit, jt 

[O2] / [Ar] -7 h ^tL-Cv^^o ^^X, [O2] {±, 

^tL^^-v ^^-^-tcif A$tL^^^;^7";^(7)rL* (seem) X^^, [Ar] (i 
, r;v=?'>#;^<7)j>t» (seem) tr^^o f^^^ tt/clifliti, 1116 (a) iZT^ 
$*LTV>^1iJt, gp-^, a^^: (CoFe) z T a 1 _ z O x-t^^^^^la^ 

^$ttfc«3S^WL-Cv^^o 117:5.^8 tc^^tLTv^^ J: ^ t;, [O2] / [ 
[0 0 7 4] 

iiL^(7)i^-^-7(i. ^^^ic-^StL^C o F e ^^mt^^Ji^mx^^^'thfz 
ibKit, [O2] [Ar] >6^'0. 2 J: «) ^>/jM^v^'£>^:*i-^^ i: =^^LTV>a 
o "lOlif^fi, XPS (X-ray Photoelectron Speetroscopy) ^ffl v^7t:55-|ff J: 
o-C*#tt^tLTV^ao 1219 fi, [O 2] [A r] ^ 0. 13S.<^~0. 54t 
LTf«^tL/j^^Mt::ov^T, XP StcJ;;z>^^ff^^f d ^ J: oT#ibtL^ 

c o 2 p^^^ h ;w^^L-rv^;i>o [i9<^Co2p>^'^i5' [o 2] / i 

Ar] 76^^0. \ 3X^^i^^[Z{t, %%mmz^tft^Colt^(D7%m±.i)^^m 

^mxi>^, [02] / [Ar] ^^^0. b Ax^^m^Kkt, mmm\z^ti\^h 

Co(i, m.it'^f^X^^^^itiT^LX^j^ho 
[0 0 7 5] 
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aOx, HfOx, NbOx. ZrOx, AlOx, MgOx, RZ>'S i O ^^i^ 
^^irtl:d-:^mm^n^m^, [O2] [Ar] 71)^^0. 2 J: 0 ^)/h$tttL{f, C 

o F e ^±mm^^^mA^ Lxm^mmms a imf^m^xi>^o 

[0 0 7 6] 

%t!^l,zyyhX$>^o ClOttWfi, 1 0 5&-fbN i ^gfl^l"^ d <i: 

mmnmxh^o n i:^^ >^^)i^mm 9 (D^u^zij^w^-r^ t, m^mmmi^i 
(OMR ittmr-r :b o '^^z, N i^^±mm3kzim-r;bt, ±mm3(Dm.tx 
^mi^-r^o N i <oi!:wc<Dm.^.^^h, n i a, ^^^Mmiim 1 o^-hmm^ti^ 

[0 0 7 7] 

^xiiinnz < ^^^mA-x'mm^fifz^m^^m^m i 0 a t, ±m<7)m^i^nmx 
^^j^^ittzm-^m^m 1 0 b tx^m^nx^^^o ±m^km.n.m 1 0 a(i, h > 
^-^)^mmm 9 <7)jit;?^^$tL, m^M\tm 1 0 b ti, ^m^^mam 1 0 a ojiic 

f^^$:h,-Cv^>?,o 1 0 a fi, Co ^^f&^t-r^^m^^±7bmt 

L<, *S6lJt3(±, C o F e-ef^^$tL^o ^I^Mttil 1 0 b {i, Ni^-^i^ 
(*SiStJtc{±C o F e) #^m4<7)^«com«i:;i>^7£'a-$ ttTt:^ 

y^mmtm^M^^t^m-t^m^xfm^tifz^m^m^m 1 0 a ^ h 

mmm9Km.m^zm-r^^tizx^, iSv^MRib^niii-^o Mt^, si^e^uv 
y h y'^m^m^m 1 0 b (i, ^m^mi^m 1 0 a tcx^;is5:f^ffl^:^ijL-c^js 

lOa^y^h'fbL, g 1 0 <D^W^ vy h itlr^o 

[0 0 7 8] 
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mmi^za, N i F e-x:-mi^^nfzyy vmmm i o c ^m^m\±m i o bo± 
0 c liZ^tixhB i (D y z^^-)vm.mm9^(D^}mii, ^^mnm i o b j;o-r 

|5*ih$tL^o Mt^, V7 1 0 c 75-'^±f[5ge#.^3--(7)N i (D^JuWL^t, ± 

< L ^ ^ , N i <^ h > ;v^fte 9 ^ xf±.umMm 3 -^otStJ: ^ Pjitx i ^ 
[0 0 7 9] 

m 1 oxfiin 1 1 \>'^^^ftfzm.%mjLmi-Ait, ^m^m.n.m 1 0 t^it-a-^gii* 

^ 1 0 b iimtW ^ixhfz)!bK, g 1 0 ^Vf(Dmi\miW± # < ^ , 

^$tLTv>^ J: 9 tc, ^s?^sit4ii 1 0 ^, ^m^m.\±m 1 0 d, m^sn'tt® 1 
0 e, tm'^m 1 0 f , m^i^tt® 1 0 g, Rifyy Y^m.nm 1 0 h-ef^^-r 

^ i i:^^'»iiT-^b^o lOdfi, CoFe<^J:9 i^v^>?. 

m^^m-t^^m.^'W^x'i^m^n:ho m.^m.nm 1 0 e, 1 0 g^, ji^^o^^ 

^^Bm-effM ^ tL, h^?^^14^^i-o V7 1 0 h(i, N i 

tp?M14#, AM6^tC{±, N i F etrff^^^^^o 1 0 f {i, It-g-Mtt 

® 1 0 e ^^-^att® 1 0 g^, E5^?K14fi^tc5^<fg^^-^^>2>ttK*^i-;2>*t# 
, mMmKitCu, Cr, Rh, Ru, RwO y^X'ftm^fLho 
[0 0 8 0] 

$mnm i o f (^Y^m^^x o , ^^sMi^ii i o dRxf^^mnm i o e -b^m 
t^^^kmitt, m.-^-m.n.m i o sRxfyy Y^m.nm i o h^^m-th^^mt 

t{t, U.^m.\m\>zm^^f\„ RTOt^^^o *lll#it^$R^5, 4 0 8, 3 7 
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©M^tL^o Lfz-^^^-oX, mi 2 {Ztt:^ ft fzmm.lt, MRJt*l^<L, N i <^ h 

y )i^mm 9 R zf±ummm 3 ^(o^jKn ^ P:^iJi l , m . g a 1 0 * 

[0 0 8 1 1 

HI 2<7)^tiSHi3V^T, ^^tcy^ 1 OTi^lfbtL^t^^tcfi 

[0 0 8 2] 

^^^^km'iZi-^fzibliZii, 0 1 3 ic^^tLTv^^ct 9 tc. 1 0 f <7)M 

ipjj<^^®t3, ^m^mam 1 0 i ^!5tt'?>-^5i)^'ft?ii-e*)'i)o ^m^m^m 1 0 

if?, ?^@^S?^Mitt6lJl^'^7:>^1#'btL^o 1 0 i ^I^tt-S-h/d^^^f 

^-^3^-1)0 1 0 i (i, Co, X(iC o 9 0 F e 1 0 XMm^iX^ ^ 

[0 0 8 3] 

1 0 tcii^^ys-^ r ^m^^^mr ^mM.^<4 r7.m 2 0 7!»q^tt'btL 
J!jn:^f6] t^M-r ^ #^+^4 ^ film 1- o 

[0 0 8 4] 

m^^-^^ T^m 2 0 (i, 16^, ?^mtt#-eff^^$tL;65^?gH4S 1 7 1 

, R?Mtt#:-eff^^^tL^S5Mtt^ 1 8 i:, ^WM 1 9 t T-^gJc^^fx^o 
SI 6, 1 9{i, mm.^K{i, Ta, Z r "eff^Jig ^ tt^ o mm^M I 7{±, 
fitJtCfi, C o F e Xl^m^fi^o n^m.nm l S ti, Mn^^tsK^m.n.W, * 
Mfi^tCti, P tMn, I rUnXH^m^ittho ^m.n.m I 1 tmm.'&mi 8i: 
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[0 0 8 5] 

mitmm I 4 it, M n<7) h >^'^}i'^mm 9 -^coj£tj:^R*ih l, mit^^m 2 1 (i, 

[0 0 8 6J 

m^t^m 2 1 tc^i6 f> ix^mmi, m.imm 1 3 1 mmx-^ ^ , mimm 1 3 

i^-r^fztbKit, m.imm2 at, A1, Mg, Si, Hf, Li, Ca. RXf 

T i (DWAtrnxfrn-f i}mm.x^ o m , h > ^> )\ywmm 9 <7)«t)L<7)^t 

9<7)«^jLOt^moSNJt^l^±1-^ *76-^$fM-e^'2)o 

9 1 mitmm 2 1 ti \s\—(Dunxwm't ^^ta, h>^^ j^^mmm 9 tm 

[0 0 8 71 

imm2 uc'ftfflt- ^-^fi, mi\:^m2 KDyw^xfimiiZ^-t^m^zmm-^^ 

Vmi 5 tCT a, 1 9 IcT a, X(iC r -e^^^ J: i9 

m<bi7^^gSJ^TWU^^-56i^®:V^A 1 , Mg, Si, Hf, Li, Ca, ^?/T 

i (Dmim^mmm 2 1 1 Lxmm-t^ :itmmx^^o 



tBtiE# 2003-3089501 



mm 2002-319928 



^-v: 33/ 



[0 0 8 8] 

, m 5 (Dm'm.mmm s oitit, m \ oi)^hmi zco^ ^^^m^^m i o o«it, 

HI 5 tc^$nTv^^«3i56?^ffi$tL#^o mi 5<?)MR AM-eti, @^ 
8 i)^m^m.'&m 8 a t 8 b t X^MWL $ tt<?, o M 13, g 

® 1 0 i)^, ^mm&nm l O a ^^I-^^MM l O b ^ V ^ h 5^?glt4S l O c <!: 

[0 0 8 9] 

Ell 6{i, i^^^^A^^O. J: f9miie^'^«ii^^LTv^^o ±^=r>^^h 
« 1 5 <h±^ge^3 b'r 2 2-e^M^nTv^^o lfT2 2(i, *M6lJt3(± 

, A 1 , cu, w, i N«;?s:$ti;i.o Mt^, m i & (Dm.%mihm^x{t 

, h > ;i/|felts 9 7{>^ 1 o±MtcME^:^[niicioV>Tif T 1 1 t ^-z-^"- 
yy^ ;v*feM)l 9 <Dxm ^ m^i-^x § ^ ^ t v^o ^JST-f^^ ^ ti^ if r i i 

m9{zi,mih^^^^L, Y > ^)^mmm9 K'Xm^^^L^-r^^o mi etc^^ 

[0 0 9 0] 

h 9 75^ ^«1 <7)^MtcSE^:^fS]l3i3V^TlfT 1 1 i:;^--/^■- 

^ 7 ^L^v^@Ea;6^'$^ffl$tL>i>^'^lc m2(7)T^rr>^S^i^ he 1 2; O^f^ 

, EI 3 <D±u 3 > ^ h g 1 5 ' oitii, m 5 (7)@^?ijiit4ii 8 mnm, m i o 
t^hm 1 3 <7)gs5Mi4e 1 0 (DmM, Rzfm 1 4 <7)ii^/sivf r;^e 2 0 <7)#3t 

$^x#^o mi 7<7)MRAM-e(i, ?^^^g^*^-4 i:TgPB£|^2 t{±, ffv^TgjS 
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^-v: 34/ 



8 a t^m^m 8 b tx-fm^fi:^o mmm 1 4 <7)±tc?gi^y-?^ r 

2 o^^i5ttf>n, M^/-^-f T;^;i 2 0 t±.u^y^ ^ vm i s.^copa^tcfi, 

[0 0 9 1] 

^tL, T^BE^2 ^Wi;iSttettfc»§ii«^SEIt2' ^f^tt^J#^t3$fiiT'* 
fiJSU (i- 4^ ^ ^ , b > ^-^ ;u#feltg 9 {i, ±g|Sra 3 t TmiU 2 

, 1 0^<DT-'-^<7)»§d2i^{i, ±g|5BEI^3 t»^ii^geil2' 

[0 0 9 23 

Mi;, ±g|5@eil3 ^ LTC uS;^>M£ffl$tt^^^tc{i, mi 8tc^$ttrv^^ 
ct d t;, 1 0 t±.mi^m 3 t (T^r^n^/MS^tL^^'fbtrS i 4 fi, 

5 (i^^ffl ^ tL-r, g 1 0 1 mimm \ At<Dm K^mm 2 3 «it ^ 
1 0 0 9 3 1 

(HM^ll) 

^'fb^ii 1 3 tm^it^m 1 4 t =&IStt^ <!: i -5,?S|^jm^T-0#140(6]± 
Jt«cM 1 o^fl- : 

tBiiE# 2003-3089501 
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^-y : 35/ 



»«/T a ( 3 n m) /A ICu (50nm) /Ta (3nm) /N i 8 1 F 
ei9 (3nm)/'IrMn (10nm)/Co9oFeio (6nm) /A 1 
Ox (2 nm) /C ogoFeiQ (2.- 5nm) /N i 8 1 F e i 9 (7. 5 
nm) /T a (5 nm) / K 1 C u (3 0 0 nm) 

HM^J 1 <7)f^*2|. (2^^0j) : 

W^/l a ( 3 n m) /A ICu (50nm) /Ta (3nm) /A 1 2 O 3 
(1 nm) /Ta (3 nm) /N i8lFei9 (3nm)/IrMn (lOn 

m)/'Co9oFeio (6nm) / K lOx (2nm)/'Co9oFeio ( 
2. 5 nm) i 8 1 F e 1 9 (7. 5nm)/Al203 (lnm)/Ta 
(5nm)/AlCu (3 0 0 nm) 
[0 0 9 4] 

Jtic^j 1 m 1 1 3 ^ximt'^m \ 4 

/c«iitc:|=i^1-^o *M^J10^*4(i, HlOSittcffi^f 'i)«i£^^L, i?^ 
1 nmOA 1 2 O 3 -CB^^tLf^^'fktJl 1 ZlkVm.WL^M 1 4 ^^^-ev^-?>o 
5 0 nmCOA 1 C uiifi, TSBg^li 2 tc^g^ t, J? ? 3 0 0 n m<7) A 1 C u 

[0 0 9 5] 

[iI19{i, JtfcM 1 1 <7)m2|-<OMRJt<7>, ^^S?aj^t;^=J"r'?>IR# 

t4^^LTv^-i,o )^cm.m\(r)mM±, 1^3 0 Ot:^@;i^SJ^(7)fLM>;J: 19, 

n m<7)A 1 2 O 3 -eff^^^tLTtzm^bt?/! 1 3 ^^.O^m^fbt^iS 1 4 J: 19 , A 1 

[0 0 9 6] 
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&Wl/T a ( 3 n m) /A ICu (50nm) /Ta (3nm) /N i 8 1 F 
ei9 (3nm)//IrMn (10nm)/'Co9oFeio (4nm) 

Il»y2c7)fiiii4. (^^Bj) : 

mWL/i: a ( 3 n m) /A 1 C u ( 5 0 n m) /T a ( 3 n m) /A 1 2 O 3 
(lnm)/Ta ( 3 n m) /N i 8 1 F e 1 9 ( 3 n m) / I r M n (lOn 
m)/Co9oFeio (4nm) 

mU/Ta (3nm) /AlCu (5 0nm) /Ta (3nm) /M g O (1 
nm) /T a (3 nm) /N i8lFei9 (3nm)/IrMn (lOnm) 
XC 09oFeio (4nm) 
[0 0 9 73 

itmm 2 (DmMt, m i <7)«it<7) h y^)vm.m.m 9 j: o 1 tciav^gB^<7) 
mmm 9 j: «9 ^>*« 1 \z'T&\,^u^<Dm^\^mm l, mimm 1 3 tLxm^ i n 
m^ii<:.&^^u^<Dmmi^^nmL, m^t^m 1 3 ttxm^ i nm(DMgotm 

ffl$tt-CV>>5>o ^T<7)$^f|-i;ov^-r, 5 0 nm<7)A 1 C uS(i, TUM^2 
[0 0 9 8] 

1112 0{±, Jt»J2:S.t/|IMfll2<7)|i^#tIov^T, Al Cum(D'y~VmjL<D 

i^Mmi^m^^3 0 ov^m^^ tA I c um(D'y- hm^jL:^^MMf^z-mMir 
A 1 2 o s-eff^^^tt/^^'fbtj/i 1 3 ^^-r h%mm2 (D^m^i^t, 3 

[0 0 9 93 

in 2 1 (i, m-MM^m^ ^^'^mxn^fz t ^<Ditmm 2 , rnmm 2 Rxfmmm 

3<DWfA<^A 1 CuS<7)v- YWjL^7r^LX\^^^o 1112 1 ttTv>.?, J; 9 

, ^-fbt^^ 1 3 ^^L^v^ii:g^^j2<7)iaill(i, 3 5 or, 4 0 0 t:oi^j?!!;at3j: 

ttSIHf 2003-3089501 
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^-i^'. 37/ 



«9 hmm^m-huir^o -:fj, A 1 2 o 3 x-jf^m^ixfzmimm 1 3 ^m-t^ 

fi, 3 5 ot:c7)iA^am;oT{if^#^^tt^v^o M^^, 2 o^~*»y 3 

[0 10 0] 

itmw 3 <7)^ff : 

mUXT a ( 1 . 5 nm) XC ogoFeio (lOnm) XA 1 O x (2 n 
m)/Co9oFeio (2. 5 n m) /^N 181^^19 (7. 5 nm) y^T 
a (5nm)/AlCu (3 0 0 nm) 

^MM4<7)^3H- i^mm) 

mUyr a ( 1 . 5 nm) XC ogoFeio (lOnm) 1 O x (2 n 
m)/^Co9oFeio (2. 5nm) /N i8lFei9 (7. 5nm) /A 
1 2 O 3 ( 1 nm) /T a (5 nm) /A 1 C u (3 0 0 nm) 
[0101] 

it^mS, mMm4<Dm^K^^^X, m^2. 5 nmCOC ogoFeio®^ 
, 7. 5 nm(7)N i s 1 F e i gS tii, gfi^^^ttS 1 0 tiffi^ L, 0.^ 
3 0 0 nmOA 1 C uifti, ±f|5@ei^3 K^M-^^o ^M^!l4 tc^iti^J?^ 1 
nm<7)A 1 2 0 3^(i, M'ftt?/! 1 4 lc;f@^i-^o it^M 3 RVmmm 4 <DmA- 

[0 10 2] 

11 2 2 (i, itmm 3 Rvmmm 4 (7)m#c»mr jt^o, i^^s^sjgtcMi-'i)^^ 

m^mx-^o tfz, 4 0 0°C(7)^M]ltcioV^T^MRit{i2 0%^IJS^^^orv^ 
:ho 1 nmCDA 1 2 O 3 "C^^^^ tt/c^^bt)® 1 4 tcj; i}, AIR 
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[0 10 3] 

iii2 3{i, itm\] 3 <Dm^<D -N i s iF e I Qm<Dmi\:mm.^7jkLx is If), m 

2 4ii, m-mm4 (Dm^coN i g i f e i Qm<7ym'[tmB^7r^Lx^^^o mt^ 

V ^y:^mm<7)mm^'^^^\ umti-^^mzk-r^o ^tm, a i cub^n i g i 

F e 1 gmt'Dmcoi^^miLnk^Z^rn'r^o —U, EI 2 4 tC^^tL-Cv^^ J; ^ i^z, 

mmm4(DmA-<^mitm^ii, 3 s ot:<7)Msicj:oTf^^^^tt^v^o ^ft 

ti, A 1 2 0 3^7^^ A 1 Cu^^N i 8 1 Fe 1 9^ ^(^^^^^^^^"^^^ 
[0 10 4] 

nil, A 1 2 o ^m:^xfMgomx'fim^i(Lxy^^^m.itmm 1 475^ im^^^m 

3 t^^^m.nm 1 0 t(Dm<DmmmL^mit-fhnm^, Tie<7)4ocofi^#tc 

ft^/ CogoFeio (2. 5 nm)/Ni8iFei9 (7. 5nni)// 
Ta {&nm)/A\C\x (3 0 0 nm) 

Jtfc^il 5 <7)^fH. : 

*^/C o 9 0 F e 1 0 (2. 5 n m) /N i g 1 F e i 9 (7. 5nm)/ 
T a (5 0 nm) /A 1 C u (3 0 0 nm) 

M/C 09oFeio (2. 5nm) i8lFei9 (7. 5nm)/ 

AI2O3 (lnm)/Ta (6nm) /A 1 C u (3 0 0 nm) 

mmm6<Dm^ {-^^m) 

^WL/C ogoFeio (2. 5nm) /N isiFeig (7. 5 nm) / 
MgO (Inm) /Ta (6nm) /A 1 C u (3 0 0 nm) 
[0 10 5] 

l±iiE# 2003-3089501 
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4<DU.^iZis\,^X±.^:ny^^ 1 5' izmM-f^T 5 0 nmtm< LT 

m 5 (Dm^ii, m i ott^o h y^^)vmm 9 j: «9 1 i)^hmrLfzw^6y(^m 

iStC^i^ L, ^jk!^® 1 4 t L-r/f:^ 1 nmOA 1 2 O 3 ^ tLTV^^o ^ 

wj 6 (Dm^ii, m 1 oitito Y^^^ )vmMm ^ i hm.fi fz^^<D 

^0 4, )AMmb, HJ&^flS, :5:t^^ll»0 6 <7)^Tt'ov^T, CogoFeio* 

i 8 1 F e 1 <^mtxmm^ixz>mmmmi)\ ^^^mi^m^izmm-r^o 

[0 10 6] 

112 5 (i, Jt»J4, Jt^M5, ^ife^JS, :S.<^HMM6<^Kf|.ogS?^^^^ 

o, umtoj^mnwir^o A 0 ox:(on'Mmkx{tm^mt\<t^t^^j:<tj:V) , 
m^j^-Lx^^^^o Mt^, Jtfc^j4'eti±gi5ieitic^^-r^A 1 c u^t, 

14^ 1 0 Iznm-t^C.o 9 0 F e 1 o^^'^'N i 8 1 F e 1 t<7)m<DmS.i}i: 
n^mmx^-ofzo itmm 5 -et^A latCogoFe 1 o^^^^N l s 1 f e 

1 9m t<Dm(Dms.i}LWnim±^nh:d^, ±gp3>^^ hJii 5' tc^^i-^s 

0 nm(DTamt, A imtC o q qF e i omRV^'N i 8 1 F e i 9mt<Dm 

(Di^K^m^^^cx^^^^o ^in^izHL, m-mm5Rv'mmm6(oumt, ^x(d 
m^m^^mzio\^^xmmmt:^^^m\:Lxiih-r, x ^muoi o ovtx(Dm-M 

[0 10 7] 

iik±(7)mmzX'DX7r^^iix\^^:hxd^z, TU^U2 tm%m.mm^4 t<Dm 
Kt&ifhfifzmimm 1 3 (i, rmm2 t<Dm<7)^mji:mii 
t^m^ i^zm±-t^o mz, ±mm 3 1 m^w^^m^ 4t<Dmi<zmi'ih ti/zm^it 
1 4 It, ±iH5@B«i3 tm^mm,mj-4 t<Dm<7)mm^n^^^miz^±-t^ 

o 
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[0 10 8] 
[0 10 91 

tfz, ^^mizxy), m%^mmj-<7)m^3miimRV'^^m^m^m\^(om^ 

m^^Rzfm^mm^^^u-h<^<^, mMmxm^K^tfi^Mn^-^^ ifim^i& 

[|ll®<7)ffi^^|5iBJ] 

[Hill 
[11121 

iii2{i, j¥v>T^r7>^^ 1 2' ^-^tf, ^mm(7)fm<7)m.mmr^u 
[nisi 

:^<Dm2mm^7Ftmmmx^^o 

tBSEJif 2003-3089501 
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[1114] 
[0 5] 
[1161 

m& (a) . (b) {i, m.-^mn.m8 2^<7^mm.^7^-tmmm^^h^o 

H 7 (i, CoY et tm^^mx^h ^ T a ^ T'ffM $ tLTt^^ 

[US] 
[119] 

[010] 

0 1 0 (i, ^-^SiM 1 0 b ^^ts^i^^m^nm i o :^mMmm 
[011] 

01 1 {i, 1 0 b t y 7 V^m^m 1 0 c t^-a SlS^^fllttii 1 

o 

[012] 

0 1 2\t, ^mmm&m 1 0 d , ^1-^^14® 1 0 e , 1 0 f , m.^m. 
tte 1 0 g:s.t/y -7 Y^m.\m 1 0 h ^#tf afis^tt® 1 0 ^mK.tz, :^mM 

[013] 
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m 1 3 {±, ±m^m.nm i o i ^-^trga^Misa i o ^m^fz, ^mmm^ 
[m 1 4] 

im 1 5] 

m 1 5 (i, ^I^HOT Sat, ^I-^^^JSttS lObt, vy h ?^«lt4S 1 0 c 

T-v svf 9 ^f^m ^T^-rmm 0 -e ^ ^ o 

[SI 6] 

[iii6(±, 1 <7)Mt'Sii:'^:^[6]t;i3v^T, If T 1 1 1 h >^-^;v?^^gH4;i 
im 1 7] 

Ell 7(±, *^1 O^MtcSit'^^^l^t^is^^r, If T 1 1 <h h >^wi/?^?gH4® 

m 1 1 ^ff^^J^^t-ifMEItrab^o 
[E118] 

miSfi, l^<^mLtC'ftffl$tt^T§I^Seia2 tSiJti»§ii:;^K#t2' ^#x.7t: 

im 1 9] 

(T) m'^W^K \izmr^ 'faS^tt ^ ^ t- EI -e ^) ^ o 

[1112 0] 

Ill2 0(i, Jtic^J2:S.O^^^i&M2<^)i^fl-tiov>T, A 1 C u)l<7) v- h^g^<7) 

-r ^ ^ ^ -r m -e * -i. o 

[1112 1] 

1112 IJi, Jt«cM2, ^iSfll2, :5.I/|life^?iJ3<0Mf4t^ov^T, A I C ug<7) 
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[112 2] 
11112 3] 

02 3 (±, Jt^M3os^fi-oii'fbffl#t*^-rii-e^^o 

[02 4] 
[0 2 5] 

02 5 (i, itnm4, itmms, mmms, j^vmmme<Du.m^'^^^x, i 

1 : 

2 : TfBsei^ 

3 : ±umm. 

4 : ^^^SijL^T- 

5. 5' : V- K® 

6, 6' :/^".y7T€ 
7.7' : 

8 : mm^m^m 

8 a : It^Mtt® 

8 b : ^m^m^m 

9 : h >^Wl/|feltS 

1 0 : ^m^^m^m 

loa, lod, loi: ^m^mitm 

lOb. lOe, lOg: ^-g-iglttil 

10c, 1 0 h : y -7 h ^km\im 
1 0 f : ^^^tt/i 
1 1 : tfr 

12, 12' : TU^y^^ vm 
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1 


3. 


13' : m^tmm 


1 


4 : 




1 


5, 


15' : h 


1 


6 : 




1 


7 : 




1 


8 : 




1 


9 : 




2 


0 : 




2 


1 : 




2 


2 : 
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(a) 

31 : m^mm^B 
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[1117] 




0 0. 1 0. 2 0. 3 0. 4 0. 5 0. 6 0. 7 0. 8 
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[HI 0] 
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[HI 2] 
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[EI 1 4] 
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[lai 6] 
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1 91 
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[1112 1] 





n 






300 °C 


350°C 


400°C 






4. 5 


6. 2 


44. 3 


53. 5 




AI2O3 (Inm) 
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4. 2 


4 
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4. 7 


4. 2 


4. 5 


5. 1 
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[I1I2 2] 



T ' r 




I 1 I I I . I 1 i_ 

o o o o o 

^ CO eg -I— 
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m 






200 °C 


300°C 


380 °C 


400°C 






744 


736 


692 


455 


35 




tiiL 


748 
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724 
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AI2O3 (1 nm) 
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772 


mm\6 


Mgo (1nm) 
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1/E 



mm] 

i-^gs?Mt4S (10) t, m^^nfzmT^^mmt^m-r^m^mmm ( 
8) t, ^m^mn-m do) tm^^m^^m (s) tcDm^z^vwc^tifzvy^-^ 
)i^^mm (9) i:^ism^W:m.m^ (4) (4) ^^o^t-ic 

«^6^l'^Mi-'6«14<^^#: (2, 3, 1 1) t, S# (2, 3, 1 1) tm 

Mjmm?- (4) t(Dm\ztmhiLfzmimm (13, i4) <h^#x.-cv^^o 
{mum\ m 1 
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